Aiming to contribute to the knowledge concerning diversity of the butterflies in the Atlantic Rainforest of the state of Rio Grande do Sul, a systematic survey was carried out in the city of Frederico Westphalen from November 2006 to June 2007, in two sampling localities. The total sampling efforts was 80 h, in which 1.785 samples were recorded, distributed in 161 species. From the latter, 51.57 % (83) belongs to the Nymphalidae family, Hesperiidae 20.49 % (33), Pieridae 8.69 % (14), Riodinidae 6.83 % (11), Papilionidae 6.21 % (10), Lycaenidae 6.21 % (10). Regarding the sampled species, 79.50 % (128) were recorded at both studied sites.
Introduction
The Lepidoptera is one of the main orders of insects, with 146.000 species in the world, spread through diverse habitats from cooler regions to tropical forests. In the Neotropical region, 31.4 % of species were described, representing the highest diversity in global biomes (Heppner 1991) . It is estimated that the richness of this order could reach 500.000 species (Scoble 199) , and just 7.784 species of butterflies are known (Lamas 2004) .
Butterflies are organisms used in biogeography, and plant-insect interactions researches, and as environmental bioindicators, since they can indirectly assess environmental variations due to its sensitivity to climatic conditions, levels of lightness and proportion of vegetation cover (Brown Jr. 1992) . In stable environments, adults can be found in any season of the year. In Brazil, Hesperiidae, Lycaenidae and Nymphalidae, respectively, are the three richest families in number of species, and some groups of Nymphalidae are commonly used as environmental indicators (Brown Jr. and Freitas 1999) .
In the state of Rio Grande do Sul, there is still a lack of information about the fauna of butterflies. Several regions do not even have any list of species, or if there is one, it is incomplete, outdated or made using different or not explicit methodologies (Isehard and Romanowski 2004) . Recent studies concerning the fauna of butterflies in Rio Grande do Sul characterized study locations and employed methodology more accurately, facilitating comparisons among studies and contributing to knowledge on the geographical distribution of the Neotropical butterflies (Teston and Corseuil 1998; 2000a; Iserhard and Romanowski 2004; Quadros et al. 2004, Marchiori and Romanowski 2006; Dessuy and Morais 2007; Giovenardi et al. 2008; Paz et al. 2008; Sack and Morais 2008) .
The deciduous seasonal forest of Frederico Westphalen is heavily fragmented, due both to deforestation and agricultural activities. Nonetheless, these fragments feature great biological diversity that is still unknown. The municipality is situated in a prime location near two major areas of permanent preservation, Missiones Province in Argentina and Turvo State Forest Park in Brasil. This survey aims to characterize the fauna of butterflies that occur in the remnants of deciduous seasonal forest in northern Rio Grande do Sul, in Frederico Westphalen, through listing, measuring richness, abundance, diversity and constancy of species, aiming a better comprehension and knowledge of lepidopteron in the region.
Material and methods

Study Site
Located in the Meridian Plateau, Frederico Westphalen (27°21' S and 53°23' W) has softly undulating topography with altitude between 300 and 600 m. Its river system belongs to the basin of the River Uruguay. The climate of the region is subtropical humid (Cfa), with rainfall well distributed throughout the year and average temperature of the warmer months higher than 22 °C. The annual rainfall varies between 1.800 and 2.100 mm and is distributed throughout the year (IBGE 1985) .
According to the Foundation SOS Mata Atlântica (2006), the region of High Uruguay, where the municipality is located, has once been 100 % covered by Atlantic Forest, sensu lato, classified as deciduous seasonal forest.
Comparing the studied fragments (Figures 1-3) , the Agricultural College of Frederico Westphalen (CAFW) presents the most extensive area (54 ha) with less anthropic disturbance. The interior of the forest is rarely frequented and is surrounded by fields of different crops, farming activity and management of livestock. The forest located at the Integrated Regional University of High Uruguay and Missions (URI) (47 ha), as the other fragment under study, is composed of native vegetation. In this locality, the misuse of the forest remnants is evident, considering the fact that the area is constantly assessed by the local people in search of resources.
Figures 1-3. Studied sites. 1. Location of the points of collection on northern Rio Grande do Sul; 2. Trail inside the forest fragment of the Agricultural College of Frederico Westphalen (CAFW); 3. Trail inside the forest fragment near the Integrated Regional University of High Uruguay and Missions (URI).
Data collection
Surveys were carried out from November 2006 to June 2007. In each sampling, three active nets were settled from 9:00 h to 14:00 h, totaling 5 h/net.
Butterflies were observed and caught with standard entomological net, recorded in the field book or kept in envelopes and taken to the Regional Museum of High Uruguay, in case identification in the field was not possible. One specimen of each species was sorted, identified and placed at the Collection of the Laboratory of Evolutionary Biology of the Santa Maria's Federal University.
Data analysis
Data were recorded per site of sampling, with identification of the families, subfamilies, number of individuals and species in each fragment. The determination of species was accomplished with the use of specialized bibliography (Le Moult and Real 1962; D'Abrera 1981; Ackery and Vane-Wright 1984; D'Abrera 1984; Otero 1986; D'Abrera 1987a; Ackery 1988; Blandin 1988; D'Abrera 1988; Brown Jr. 1992; Blandin 1993; D'Abrera 1994; Mielke 1994; Casagrande 1995; D'Abrera 1995; Canals 2003) , or by comparison to those already deposited in the Collection of the Laboratory of Evolutionary Biology (Giovenardi et al. 2008) .
Nomenclature was updated according to Lamas (2004) and Mielke (2005) . Dates ascertained from external sources to the original publications are noted in square brackets (ICZN, Art 22 1999) .
The Constancy of Occurrence was based on the ecological index proposed by Silveira Neto et al. (1976) , where the species were classified as constant (present in more than 50 % of samples), accessory (present between 25 % and 50 % of samples) and accidental (present in less than 25 % of samples). Colwell & Coddington (1994) use the term "accumulation curve of species" to refer to the curves constructed with data obtained from relatively homogeneous habitats in time and space, whereas the term "species-area curve" is reserved for biogeographical patterns, which implies on the heterogeneity of the area.
Results and discussion
The sample sufficiency examined by logarithmic curve of the species accumulation curve ( Figure   4 ) revealed that until the second sampling, 60 % and 50% of the species were caught in CAFW and URI respectively, and 90 % of the species were caught until the sixth sampling in both locations. The analysis of the correlation between the number of species caught in both locations was significant (r = 0.93; F = 127.77, p <0.05).
In 80 hours of sampling, 1.785 butterflies were caught, belonging to 161 species (Table 1) : 134 of them in CAFW and 124 in URI ( (Marchiori and Romanowski 2006) , Maquiné (Iserhard and Romanowski 2004) , Minas Gerais (Silva et al. 2007 ) and Distrito Federal (Emery et al. 2006) . The most abundant subfamilies of Nymphalidae were Nymphalinae (n = 319) and Heliconiinae (n = 300), similar to data obtained by Quadros et al. (2004) in the Coastal Plain of Rio Grande do Sul.
Hesperiidae was the second richest family, often being the largest or one of the richest families, among the inventories carried out in Brazil (Brown Jr. and Freitas 1999; 2002) , and particularly in Rio Grande do Sul (Mabilde 1896; Marchiori and Romanowsky 2006; Dessuy and Morais 2007 , Sack and Morais 2008 , Paz et al. 2008 ). Biezanko and Mielke (1973) registered 294 species of Hesperiidae to the state in a survey longer than 30 years, from which, 14 species are present in this survey. Biezanko (1959) recorded 32 species of the Family Pieridae to the southeastern zone of Rio Grande do Sul, while Teston and Corseuil (1998; 2000a; 42 to Rio Grande do Sul, higher than the present study which obtained, similarly to Giovenardi et al. (2008) , 14 species.
Papilionidae featured ten species. Although 29 Papilionidae specie have been listed by Teston and Corseuil (1998) in Rio Grande do Sul, most previous studies in the state (Link et al. 1977 In this survey Lycaenidae featured 10 species. It must be mentioned that in many studies (Brown and Freitas 1999; Iserhard and Romanowski 2004; Dessuy and Morais 2007) Riodinidae is considered as a subfamily (Riodininae) of Lycaenidae. Even adding richness of both families (Lycaenidae and Riodinidae) the diversity of the current survey is similar to the ones observed in other studies in the state (Iserhard and Romanowski 2004; Dessuy and Morais 2007) . From the 11 species of Riodinidae (subfamily Riodininae) recorded in Frederico Westphalen, all of them were sampled by Biezanko et al. (1978) , who achieved 49 species for the Rio Grande do Sul, during 30 years of sampling.
When the Constancy of Occurrence of species were compared ( Figure 5 ) the accidental species are the largest group both in the URI (66.4 %) and in CAFW (62.8 %). Biblis hyperea nectanabis (Fruhstorfer, 1909) and Heliconius erato phyllis (Fabricius, 1775) (Heliconiinae) were the most abundant species in the two surveyed areas. The most abundant species in the two fragments was H. erato phyllis, that may have been influenced by the habitat's characteristics: according to Brown Jr. (1992) this species is common in open or disturbed forests. Therefore it is not surprising that it was abundantly registered in this study, considering the intense anthropic pressure that the two studied fragments have suffered. Novotny and Basset (2000) , define "singletons", as species represented by only one individual during the search. This can occur by several factors including: nomad species which are in the place merely to forage, rare species, or because they were sampled by unsuitable methods, especially when the population level is small, generalists that feed in the local occasionally, or specialists that feed on plants that occur only in the studied location. Of the 161 species recorded in this study 20.50 % (n = 33) were "singletons" (Table 1 ) and 32.92 % (n = 53) were unique species (n = 33 in CAFW in the URI n = 20) (Table 2 ) occuring in only one sample (Dias 2004 ).
Analysis of chi-square distribution of sampling, based on the geometric series (P (Ā2 (0.0 5, 20 d.f.) )) ( Table 3) These results indicate that the estimates of diversity based on abundances can give an implausible ecological response, supporting the criticism about the inadequacy of estimating the diversity index based on this parameter (Dias 2004) . The Shannon index based on the number of species per subfamily was 2.73 for CAFW, and 2.69 for URI, without significant differences (t = 0.434, p > 0.05). In this study, the obtained results are very similar to the ones found by Giovenardi et al. (2008) which obtained 169 species as well as the similarity between the richness of the families.
However, the time of sampling was shorter in the one here presented. Fourty-nine new species were recorded in this study, implying that Frederico Westphalen has a richness of 218 species.
---------------- Table 1 . List of families, subfamilies, species (N) and number of individuals (n) captured in two fragments located in the municipal district of Frederico Westphalen: the Agricultural College of Frederico Westphalen (CAFW) and the Regional Integrated University of High Uruguay (URI). An asterisk (*) indicates new record for the city of Frederico Westphalen. ---------------- ----------------
